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Surfeit, deficit, and the set point for sodium homeostasis'
NORMAN K. HOLLENBERG
Shields Warren Radiation Laborato,y, Harvard Medical School, Boston, Massachusetts
In their essay, "Myth and Reality", the Frankforts deal with
the nature of speculative thought, a mode of apprehension
which "attempts to explain, to unify and to order experience"
[1]. The concept of a set point for sodium homeostasis, first put
forward by Strauss et al [2], and until recently largely forgotten,
represents an excellent example. In their essay, Bonventre and
Leaf provide us with a description of a system which could
function without a set point, rather than providing an alterna-
tive concept.
They raise three objections to the set point concept, two
based on observation. First, it is common experience that
individuals increase their total body sodium as they increase
sodium intake. The second problem is related: Patients studied
on a low-salt diet do not excrete a sodium load quantitatively in
the time of observation. A third objection is based on a notion
that in a "complicated miltivariant system effecting sodium
excretion it would be overly restrictive to depend on a single set
point around which the system is regulated, especially since
most of the factors mentioned which effect urine sodium
excretion are sensitive to many physiological variables other
than total body sodium." Do these objections make the concept
untenable? I believe not.
Does a set point preclude a continuous operation at a level
above the reference point? Let us turn to the familiar model of a
thermostat. A building with a source of heat which was beyond
the control of a thermostat, such as a fireplace, which produced
a temperature above that set by the thermostat, would still have
a thermostat. If the heat input was discontinuous, the pattern
would involve a continuous exponential reduction in tempera-
ture through heat loss with periodic sharp rises. Culture and
habitual practice result in our enjoying an analogous, intermit-
tent sodium intake. The resultant expansion of our sodium
space is determined by the quantity ingested at each meal and
the rate at which we excrete the sodium between meals. Does
this deny that a set point exists? No.
The second point, that in the studies cited subjects did not
excrete a sodium load quantitatively administered when they
had been on a low-salt diet is true: A complete statement would
have added, "during the period of observation." As discussed
below, with the latter proviso, the observation was predictable
and does not deny a set point.
The third objection, that a set point is overly restrictive in
view of the many variables which influence renal sodium
handling and the fact that many are sensitive to physiological
variables other than total body sodium, is truly puzzling. If so
many forces converge on a single function that is crucial for life,
what better reason could one imagine for there to be an
independent reference point?
The essay claims to have accounted for the three puzzling
observations which prompted Strauss to propose a set point for
sodium homeostasis. Let us compare the two explanations.
Why is the exponential reduction in sodium excretion when
sodium intake ceases puzzling? If, as common parlance has it, a
sodium deficit is accruing with the fall in total body sodium, one
would have anticipated a different relationship: As the forces
which defend total body sodium are mobilized, one would
anticipate an accelerating response with time. The opposite
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occurs: An exponential fall in sodium excretion indicates that
the kidney is retaining less sodium with time, despite a progres-
sive reduction in total body sodium. The set point concept
suggests that there is no puzzle: With a reduction in sodium
intake and continued excretion of sodium there is a progressive
reduction in the excess sodium, and, thus, in the stimulus to
sodium excretion. The exponential fall in excretion is appropri-
ate when viewed in this context.
With what does the current essay replace that? The replace-
ment is a description of a curvilinear relationship, as evident in
Figure 1 of the Bonventre-Leaf essay: The puzzle remains.
Figure 1 does not account for the thermodynamically odd
relationship—it merely describes it.
The second puzzling observation involved sodium excretion
in individuals who, having been brought into balance on a low
sodium intake, display a prompt natriuresis when they receive a
sodium load. Why is that a puzzle? If a deficit is present as
suggested by common parlance, and the forces which allow the
body to retain sodium have been mobilized, why should sodium
excretion occur with a minor challenge? The set point concept
resolves the puzzle by indicating that the sodium administered
is an excess, forcing the individual to operate above the set
point, so that excretion will occur.
How does the Bonventre-Leaf essay deal with that observa-
tion? The essay merely points out that in none of the studies
cited was the sodium load quantitatively excreted in the time of
follow-up. Is that an effective counter to the argument? No. It
must be clear, once a sodium load is given, that the situation is
exactly analogous to that under number one. Sodium excretion
will occur along an exponential function, with a half-time of
about 24 hr—as has been documented many times—so that the
time to new balance will be determined by the half-life of
excretion and the total sodium load administered. The fact that
the entire sodium load was not excreted in the time interval of
the study was predictable. Equally predictable, and derivative
from these phenomena, is the fact that the spacing of our meals,
and the quantity of sodium we ingest at each will determine how
much above the set point we operate. The fact that we do so is
not a critical obstacle in the way of a set point.
The third, and perhaps pivotal experiment, involves the
response to a saline load in the individual in balance on a low
salt diet who had also received a diuretic, to reduce total body
sodium further. The puzzle created by this observation involves
the striking discontinuity in the response to a sodium load.
Sodium excretion will not occur in that setting until precisely
the amount lost with the diuretic has been replaced. The set
point concept provides an intellectually satisfying explanation.
Once total body sodium is below that defined by the set point
there is a true "deficit," and excretion will not occur until the
deficit has been replaced.
How does the Bonventre-Leaf essay replace that idea? The
figure shows a very flat portion at the low end of the sodium
excretion curve. A quantitative discontinuity is not predicted.
Feedback control systems certainly can exist without a set
point. It is over 40 years since the concept of a set point was
first applied to the control of body temperature by Ran son and
his colleagues [3] and yet reservations are still occasionally
expressed. To quote Mannery [4] in a recent review, "Unfortu-
nately, the term 'set point' carries an aura of mystery about it.
A temperature set point is surely no less than the result of a
consortium of biochemical and physiological tricks . . . Set
points are probably selected by evolutionary processes, not
because any one process which might be chosen for study
operates at its optimal capacity, but because its influence on the
integrated operation of several physiological mechanisms has
served the organism best in its solution of problems created by
temperature changes." It is easy to construct a model of
biological systems which denies a set point: The result, howev-
er, is generally a clumsy conceptual framework in which to deal
with this system.
We cannot lay our hands on a set point. It is a concept, not a
place. The final arbiter, therefore, must be how useful the
concept is. Does the model provided by the essay provide a
more useful conceptual framework for dealing with the ques-
tions? And, will the model provide a single explanation for
many examples cited in my earlier editorial [5]? Among them it
was pointed out that the set point notion provided a useful
conceptual framework for explaining some of the relationships
between known physiological variables such as aldosterone
secretion and sodium excretion; for accounting for the biology
of bilateral renal artery stenosis, DOCA escape, chronic renal
failure; a useful model for accounting for the sodium retention
which occurs with many vasodilator drugs and with anesthesia;
and to account for the interesting observation of edema forma-
tion following prolonged use of diuretic agents.
Perhaps most important, the notion of a set point provides a
definition for the amount of sodium in the body which reflects
an excess and the amount which represents a true deficit.
Strauss et a! underscored the pivotal nature of this aspect of
their analysis by placing the terms "surfeit and deficit" in the
title of their paper [21. Even a brief review of the literature on
sodium homeostasis will reveal how often the term "deficit" is
used without definition. When a normal human or animal stops
eating sodium, in the absence of nonrenal losses, at what time in
the sodium excretion curve can one say that a deficit is present;
in hours, in days? The set point concept provides a precise
answer. The alternative does not address this issue.
The concept of a set point is just that, a concept—and as such
it cannot be proved. It can be disproved by a critical experiment
or displaced by a more useful concept. Taken in all, the
Bonventre-Leaf essay does not provide a persuasive argument
for displacing the notion of a set point for sodium homeostasis.
Right or wrong, the idea has remarkable utility.
References
1. FRANKFORT H, FRANKFORT HA: Myth and Reality, in The Intellec-
tual Adventure of Ancient Man, edited by FRANKFORT H, FRANK-
FORT HA, JACOBSEN T, Chicago, University of Chicago Press, 1946
2. STItuss MB, LAMDIN E, SMITH WP, BLEIFER Si: Surfeit and
deficit of sodium. Arch Intern Med 102:527—536, 1958
3. LOMAX E: Historical development of concepts of thermoregula-
tion, in Body Temperature: Regulation, Drug Effects and Thera-
peutic Implications, edited by LOMAx P, SCHONBAUM E, New
York and Basel, Marcel Dekker, Inc., 1979, pp. 2—23
4. MANERY JF: Ions and body temperature, in Body Temperature:
Regulation, Drug Effects and Therapeutic Implications, edited by
LOMAX P, SCHONBAUM E, New York and Basel, Marcel Dekker,
Inc., 1979, pp. 119—150
5. HOLLENBERG NK: Set point for sodium homeostasis: Surfeit,
deficit, and their implications. Kidney lot 17:423—429, 1980
